###### Strengths and limitations of this study

-   First study to measure the validity and feasibility of a self-administered home vision examination for adults in China.

-   The cross-sectional design does not allow the drawing of causal relationships.

-   It will reflect an underestimated vision testing result if lay people do not put the eye chart in the right circumstance.

-   The study lacks a formal cost-effectiveness analysis.

Introduction {#s1}
============

Vision loss due to eye diseases is a major health problem, greatly affecting quality of life.[@R1] Globally, it is estimated that 217 million persons have moderate to severe vision impairment (VI), and 36 million people are blind.[@R3] Approximately 80% of moderate to severe VI and blindness among adults can be successfully avoided or treated if diagnosed in time.[@R4] Unfortunately, population studies, including Rapid Assessments of Avoidable Blindness in many underserved regions of the world, show that a large proportion of VI remains undiagnosed and untreated.[@R5] Untreated VI imposes direct and indirect burdens on affected individuals, families and society as a whole. Indirect costs include welfare losses incurred when raising taxes to fund public healthcare, and reduced economic output (productivity) of individuals with vision loss directly due to reduced workforce participation, and the value of time spent by relatives and friends providing informal care.[@R7]

Screening can identify people with vision loss at an early phase of eye disease, and can lead to timely treatments to improve vision. A large proportion of referrals for patients with eye disease come from community optometric services in many developed countries such as Britain, Australia and America.[@R8] However, this screening model requiring economic investment and a cadre of well-trained optometrists is not necessarily applicable in low/middle-income countries like China because of the undeveloped public health system.

Home-based disease screening models are highly suitable for use in low-resource or isolated communities, because relatively few healthcare resources are needed and therefore costs are reduced. Such screening programmes are now increasingly used to identify and refer at-risk persons for diagnosis and treatment of diseases such as diabetes, hypertension and colorectal cancer.[@R11] The aim of the current study is to investigate the validity and feasibility of a self-administered home vision examination in Wenzhou, China.

Materials and methods {#s2}
=====================

Oral informed consent was obtained from adults enrolled in the original Yueqing Eye Study (YES), and was sought again from all participants prior to collecting the follow-up screening and survey data in this sub-study.

Study population and sample {#s2-1}
---------------------------

This substudy was based on the YES project, a trial of a home-based visual acuity (VA) screening model in Wenzhou, China. The Yueqing municipal government selected 5 of 16 districts comprising a total of 250 communities (each containing about 500 households) to participate in the YES project, based on their similar high economic level. The YES project aimed to train local community-dwellers to serve as family screeners for their household members, requesting that each resident's vision be examined annually and reported to the YES project's information centre using WeChat, a popular Chinese social media and communication application. All participants with presenting visual acuity (PVA) in either eye ≤+0.5 log of the minimum angle of resolution (logMAR) were eligible for free follow-up examinations at a nearby eye clinic. In consideration of the high prevalence rate of moderate visual impairment in China and the limited funding of establishing free local eye clinics, we decided to use the moderate visual impairment (VA ≤+0.5 logMAR) as the referral standard in the initial implementation stage of the YES project. In order to simplify the operation of self-VA examination and improve adherence of this model, we only screen the distance visual impairment as the programme gears up. We will focus on the impact of near vision on the living quality for people after improving their eye health awareness and changing their doctor-seeking behaviour.

For the present substudy, a two-stage sampling plan was used to select households in the five communities. The WeChat reporting rate for a community was defined as the number of households reporting their VA results divided by the total number of eligible households. In the first stage, a convenience sample of 30 communities with a WeChat reporting rate \>30% between 1 August and 31 October 2017, among a total of 55, was identified by the project leader. In the second stage, a simple random sampling plan was used to identify 20 households from the census list of participating households in each of the 30 communities, for a total of 600 households were invited to participate in the study. Family screeners who had been trained in VA testing by community screeners and were asked to complete a questionnaire (see below) at the time of a home visit by study personnel, and their family members were invited to undergo confirmatory VA testing by researchers. If no one was home when the research team visited a designated household, three more visits were made at different times on the same day. If no contact could be made, five telephone calls were made over the next 3 days to invite the designated household member to join the study and to collect baseline data.

Persons not contactable in this fashion were excluded from the sub-study, as were those previously diagnosed with a terminal illness or a mental disorder, or living alone, because they lacked a family member on whom to carry out VA screening. To be eligible to take part in the YES project, potential participants were required to have been living in one of the 30 designated study communities for at least 6 months, aged 18 years or older, able to communicate effectively in Mandarin Chinese or the local Yueqing dialect, and willing to give informed consent to participate in the study.

Data collection {#s2-2}
---------------

In the present sub-study, trained community screeners distributed the standard logMAR Tumbling-E VA charts (GB 11 533--2011, Xingkang Medical Technology, Wenzhou, China) to all participating households between 1 August and 31 October 2017. This chart has 14 rows with a fixed angle increasing rate of $\sqrt[10]{10}$ and progression ranging from +1.0 logMAR to −0.3 logMAR. Alough the LogMAR chart has some limitations, such as no uniform use of brightness and illuminance, and eye clinics in China use a truncated LogMAR chart (two rows are missing, 0.7 and 0.9, decimal record method), making it difficult to compare with the international standard VA chart (the Early treatment diabetic retinopathy study (ETDRS) VA chart).[@R13] We do not impose strict requirements on the VA screening in this project because it is the first step to screen for eye diseases. Since 2011, it has been widely used to conduct preliminary vision screenings and physical examinations for those aged 3 years and above. There are two different versions of using distance for this chart, that is, used at a distance of 5 m or 2.5 m. In consideration of the limited space in many Chinese homes, we decreased chart distance from 5 m to 2.5 m and minimised the charts' optotype size to guarantee tesing accuracy. The charts included written and pictorial instructions to secure the chart to a smooth wall 1 m from the floor under bright natural light, and to mark a spot 2.5 m directly in front of the chart for the person being tested to stand.

Community screeners taught one family member who was willing to be a family screener in each household how to perform home vision testing using the provided charts (including the cut-off for referral, see below), and relayed information about three nearby free eye clinics. These clinics are financed by the Yueqing Municipal Government with additional support from the Eye Hospital of Wenzhou Medical University to ensure adequate medical staff and resources are available to meet demand.

With the left eye occluded by the participant's hand, testing began with the right eye using the top line of the chart (+1.0 logMAR), and then proceeded to line 2 (+0.9 logMAR), line 4 (+0.7 logMAR), line 6 (+0.5 logMAR), line 11 (0 logMAR) and line 14 (-0.3 logMAR), respectively, if the participant could read half or more of the optotypes on a given line. The vision recorded in the eye was the lowest on which the participant could read half or more optotypes. The test was then repeated for the left eye. Results were reported by the family screener to the YES information centre on WeChat. Participating screeners were asked to test and report results for each adult in the household annually. Test subjects with PVA ≤+0.5 logMAR in either eye received a referral through WeChat to one of three local eye clinics for a free ocular examination.

In the present sub-study, six project staff trained in vision testing by the Eye Hospital of Wenzhou Medical University performed confirmatory vision testing on residents of the designated household and provided a self-administered questionnaire to the family screeners on family structure, personal demographic informationand knowledge about the YES project referral protocol between 1 November and 31 December 2017, approximately 3 months after the initial household visit. A household was considered to have successfully completed home-based screening if the family screener had performed and reported VA testing on at least one family member.

For the purpose of this sub-study, a family was defined as two or more people living at their current address for at least 6 months prior to being enrolled in the YES programme. Following Turagabeci *et al*,[@R14] we defined family types as: 'couple' (two persons, married or not), 'nuclear family' (couple plus unmarried child/children) and 'extended family' (three or more generations of grandparent(s), parent(s) and child(ren)).

Statistical analysis {#s2-3}
--------------------

Epidata (V.3.1, The Epidata Association, Odense, Denmark) was used to create the database. Double data entry was performed by graduate students at the School of Ophthalmology and Optometry, Wenzhou Medical University. VA was reported using the mean and with 95% CIs. Results from home measured VA were compared with those examined by the research team. In using the Mann-Whitney U test to compare different groups, we found VA distribution in each group to be abnormal. The sensitivity and specificity of the home-assessed model were calculated and the 95% CI was calculated using the modified Wald method. Continuous variables such as age were presented as means±SD, and differences between groups were assessed using analysis of variance. Categorical data were described with numbers and percentages (%), and differences across family structures and VA results obtained from trained researchers were tested using Pearson's χ^2^ tests, or with Fisher's exact test if observed frequencies were \<5 in any cell of the 2×2 table. Univariate logistic regression was used to analyse the impact of participants' personal demographic information and family structure on whether home vision testing was performed and reported on at least one family member. Multivariate logistic regression was used to analyse the relationship between family structure and demographic variables after adjusting for those variables significantly associated with the outcome in univariate analysis. All analyses were performed using SPSS (V.21; International Business Machines). All tests were two sided and a p≤0.05 was considered to be statistically significant.

Patient and public involvement {#s2-4}
------------------------------

Participants and public were not invited to comment on the study design, not consulted to recruit participants and develop outcomes or disseminate the results. Public involvement for the research was obtained primarily informing the district commissioner and various stakeholders. Participants and project staff members were fully involved in this study. Study objectives, benefits and mandatory information was explained to participants. An informed consent was obtained from every participant before filling in the questionnaire. Six project staff members (ophthalmologist or optometrist) trained in standard vision testing engaged in the data collection process.

Results {#s3}
=======

Among the 600 eligible family screeners, 87.2% (523/600, 44.1% men, mean age of 56.8±13.5 years) provided valid data. Non-participation was due to refusal (n=33, 42.8%), not being available for the household visit (n=15, 19.5%) and living alone (n=29, 37.7%). Two-thirds (345/523, 66.0%) of participants had tested at least one family member by the time they were rescreened by the research team.

A total of 523 people from 345 households had their VA results retested. VA results between the layperson's home-based screening and the research team's examination had no statistical difference (VA ≤+0.5 logMAR, p=0.607; VA \>+0.5 logMAR, p=0.612) ([table 1](#T1){ref-type="table"}). Of the 77 subjects with an expert examination indicating VA less than +0.5 logMAR, 62 were detected by a family member conducting a home-based vision screening. Therefore, the sensitivity of the home-based vision screening is 80.5% (95% CI 70.2% to 86.9%). Among the 446 participants with an expert examination indicating VA greater than +0.5 logMAR, 424 passed thehome-based screening tests. Thus, the specificity of the screening package is 95.1% (95% CI 92.6% to 96.8%). Details are shown in [table 2](#T2){ref-type="table"}. Although a total of 77 (77/523, 14.7%) tested participants with VA results ≤+0.5 logMAR were recommended to the local eye clinics for follow-up examinations, only 24.7% (19/77) went to the clinic for further examination 6 months later.

###### 

Comparison of VA between the home-based screening and research team examinations

                    VA, Log MAR           P value               
  ----------------- --------------------- --------------------- -------
  VA≤+0.5 logMAR    0.67 (0.71 to 0.63)   0.70 (0.75 to 0.65)   0.607
  VA\>+0.5 logMAR   0.12 (0.13 to 0.10)   0.12 (0.13 to 0.11)   0.612

logMAR, log of the minimum angle of resolution; VA, visual acuity.

###### 

Validity of home-based vision examination

  Home measured   Research team   Total   
  --------------- --------------- ------- -----
  VA≤+0.5         62              22      84
  VA\>+0.5        15              424     439
  Total           77              446     523

Sensitivity, 62/77 or 80.5% (95% CI 70.2% to 86.9%).

Specificity, 424/446 or 95.1% (95% CI 92.6% to 96.8%).

VA, visual acuity;

[Table 3](#T3){ref-type="table"} shows the demographic information of family screeners from 523 household. Nearly two-thirds (64.6%, 338/523) of participants reported never having visited an eye clinic. Low educational level (\<middle school) and unemployment were more common among couples than for those living in nuclear or extended families. Couples were also significantly more likely to report having an eye disease or chronic disorder. The average age of subjects living as a couple (64.8 years, SD 11.8 years) was significantly greater than that for members of nuclear or extended families (53.0 years, SD 11.2; and 55.7 years, SD 14.0, respectively, p\<0.001 for both). Some two-thirds (67.9%, 355/523) of participants could identify the location of their local free eye clinic, and nearly half (49.5%, 259/523) could recall the cut-off for requiring a more detailed examination (PVA≤+0.5 logMAR in either eye).

###### 

Characteristics of family screeners

  Variable                                     Family structure   P value                     
  ------------------------------ ------------- ------------------ ------------- ------------- ---------------
  Total                          523 (100)     102 (19.5)         131 (25.0)    290 (55.5)    
  Gender                                                                                      
   Male                          231 (44.2)    43 (42.2)          59 (45.0)     129(44.5)     0.896
   Female                        292 (55.8)    59 (57.8)          72 (55.0)     161 (55.5)    
  Age (years)                                                                                 
   Mean (SD)                     56.8 (13.5)   64.8 (11.8)        53.0 (11.2)   55.7 (14.0)   \<0.001\*\*\*
  Education                                                                                   
   Illiterate                    88 (16.8)     26 (25.5)          16 (12.2)     46 (15.9)     0.002\*\*
   Primary                       182 (34.8)    44 (43.1)          43 (32.8)     95 (32.7)     
   Junior high andmore           253 (48.4)    32 (31.4)          72 (55.0)     149 (51.4)    
  Employed                                                                                    
   No                            204 (39.0)    56 (54.9)          38 (29.0)     110 (37.9)    \<0.001\*\*\*
   Yes                           319 (61.0)    46 (45.1)          93 (71.0)     180 (62.1)    
  Economic status†                                                                            
   Poor                          139 (26.6)    33 (32.4)          33 (25.2)     73 (25.2)     0.339
   Fair and above                384 (73.4)    64 (67.6)          98 (74.8)     217 (74.8)    
  Chronic disease                                                                             
   No                            381 (72.8)    62 (60.8)          106 (80.9)    213 (73.4)    0.003\*\*
   Yes                           142 (27.2)    40 (39.2)          25 (19.1)     77 (26.6)     
  History of eye disease                                                                      
   No                            453 (86.6)    75 (73.5)          118 (90.1)    260 (89.7)    \<0.001\*\*\*
   Yes                           70 (13.4)     27 (26.5)          13 (9.9)      30 (10.3)     
  Most recent ophthalmic visit                                                                
   Never                         338 (64.6)    65 (63.7)          85 (64.8)     188 (64.8)    0.996
   \>1 year                      89 (17.0)     17 (16.7)          23 (17.6)     49 (16.9)     
   ≤1 year                       96 (18.4)     20 (19.6)          23 (17.6)     53 (18.3)     

\*P value statistical significance: \*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001.

†Economic status was measured by personal annual income (PAI) as follows: 'poor': PAI \<US\$725; 'fair and above': PAI ≥US\$725.

In multivariate regression models, having screened family members was associated with higher economic status, younger age and having a nuclear or extended family structure([table 4](#T4){ref-type="table"}). Subjects self-rating their economic status as 'fair and above' were twice as likely to carry out a vision test on their family members than those with a 'poor' economic situation (OR 1.74; 95% CI 1.08 to 2.76; p=0.022). Additionally, participants aged \>45 years were significantly less likely to have screened family members than those aged ≤45 years (OR 0.46; 95% CI 0.25 to 0.85; p=0.014). Significantly, more participants living in nuclear or extended families had completed screening than those living as couples (Nuclear families: OR 5.17; 95% CI 2.86 to 9.36; p\<0.001; extended families: OR 8.37; 95% CI 4.93 to 14.20; p\<0.001).

###### 

Logistic regression of household screener characteristics as predictors of having performed home vision testing on at least one family member

  Variable                        Univariate logistic regression   Multivariate logistic regression                                               
  ------------------------------- -------------------------------- ---------------------------------- --------------- ----------- --------------- ---------------
  Gender                                                                                                                                          
   Male                           Reference                                                                                                       
   Female                         1.086                            0.77 to 1.54                       0.641                                       
  Education                                                                                                                                       
   Illiterate                     Reference                                                                           Reference                   
   Primary school                 1.37                             0.82 to 2.17                       0.242           0.91        0.50 to 1.64    0.743
   Junior high school and above   2.18                             1.36 to 3.49                       \<0.001\*\*\*   0.85        0.47 to 1.56    0.601
  Employment status                                                                                                                               
   No                             Reference                                                                           Reference                   
   Yes                            2.13                             1.50 to 3.02                       \<0.001\*\*\*   1.34        0.86 to 2.11    0.198
  Economic status†                                                                                                                                
   Poor                           Reference                                                                           Reference                   
   Fair and above                 2.096                            1.43 to 3.07                       \<0.001\*\*\*   1.74        1.08 to 2.76    0.022\*
  Presence of chronic disease                                                                                                                     
   No                             Reference                                                                                                       
   Yes                            0.6                              0.41 to 0.873                      0.08                                        
  History of eye disease                                                                                                                          
   No                             Reference                                                                                                       
   Yes                            0.94                             0.56 to 1.55                       0.79                                        
  Age (years)                                                                                                                                     
   \<45                           Reference                                                                           Reference                   
   ≥45                            0.36                             0.21 to 0.61                       \<0.001\*\*\*   0.46        0.25 to 0.85    0.014\*
  Family structure                                                                                                                                
   Living as couples              Reference                                                                           Reference                   
   Living with nuclear family     6.01                             3.39 to 10.66                      \<0.001\*\*\*   5.17        2.86 to 9.36    \<0.001\*\*\*
   Living with extended family    8.97                             5.36 to 15.00                      \<0.001\*\*\*   8.37        4.93 to 14.20   \<0.001\*\*\*

\*P value statistical significance: \*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001.

†Economic status was measured by personal annual income (PAI) as follows: 'poor': PAI \<US\$725.50 ; 'fair and above': PAI ≥US\$725.

Discussion {#s4}
==========

The present study used a home-based vision screening model to establish the habit of checking family members' VA annually among participating households to promote early detection and treatment of visually significant eye diseases in the long term. This model mainly relies on the validity and feasibility of a self-administered home vision examination. Our study shows no consistent evidence to support differences in VA resultsbetween home-based screening and professional examinations. The self-administered home vision screening model also provides effective first level eye disease screening with a high sensitivity and specificity. A majority of households completed the home-based vision examination, and nearly 15% of participants obtaining results of PVA ≤+0.5 logMAR were referred to local eye clinics for follow-up examinations. Residing in nuclear or extended families, which exceed two-thirds of Chinese households,[@R15] was significantly associated with a greater likelihood of having carried out home-based vision screening, even after adjustment for other factors. In consideration of these results, the family-based eye disease screening model seems to be suitable for use in China.

Findings in the current study indicate that VA test results obtained by lay persons were comparable to those of trained ophthalmologists using the same at-home method, which indicated that the self-administered home vision examination might be the first step of a satisfactory eye disease screening tool. This result is consistent with previous reports on home-based vision screening programmes for preschool-aged children in China[@R15] and amblyopia in South Korea.[@R16] In the home-based amblyopia screening system for preschoolers,[@R15] the sensitivity of the VA test conducted by parents was 80.0% and its specificity was 94.1%. In contrast, the current screening model conducted by lay people detected VA in adults, which made the sensitivity of this model 80.5%. At the same time, its specificity was also rather satisfactory (95.1%).

Not requiring professional knowledge or expertise in screening eye disease, the home-based VA screening model has arelatively high completion rate over a short time span, indicating this model may be appropriate for population vision screening on a larger scale. A key advantage to home-based programmes is improved access to medical care under the home monitoring system. Many home-based approaches to screening, monitoring, and treatment of conditions such as cardiovascular disease, mental disorders and vision problems in children have been evaluated for their effectiveness.[@R15] However, it was noted that this home-based VA screening model hada low referral rate in participants with PVA ≤+0.5 logMAR. Previous studies demonstreate that eye care referral barriers includetransportation, family financial status, lower basic eye care knowledge, poor primary healthcare services.[@R19] Referral barriers to family vision screening patterns remain unclear and require further research.

In this study, family structure was associated with the completeness of home-based vision testing (ie, every eligible adult was tested annually), with significantly more tests performed in nuclear and extended households than by couples. Prior research also shows that the family is an important determinant of health-seeking behaviours.[@R22] A study conducted by Pradnyani *et al* showed that respondents living with either a nuclear or extended family have higher quality of life and better health status among the elderly, when compared with those living alone or with a spouse.[@R25] This is consistent with insights from modernisation theorists that the health status and well-being of people are closely related to their living arrangements.[@R14] Although familial support is not limited to people living together, coresidence with family members has been long viewed as a contributor to happiness and well-being in China.[@R27] Thus, it appears self-administered home vision testing programmes would be highly acceptable in China, a country dominated by nuclear and traditional extended family structures, which are based on long-standing cultural norm.

One of the keys to successful implementation of home vision screening is to find a suitable family screener. Our study indicated higher economic status and relatively young age could affect the compliance rate of being vision screeners. Other studies showed advanced economy was related to good practice of seeking eye care.[@R28] Benzeval *et al* also manifested that poor people were more likely to adopt unhealthy behaviours, such as smoking and dringking, while those on higher incomes were more able to afford healthier lifestyles because they have less pressure to work and had more free time to improve individual or family members' health.[@R29] Therefore, we concluded economic status could be a factor influencing people's awareness and behaviour of protecting eye health. For screeners of low income, we suggest expanding their knowledge of eye diseases to promote increased participation. In addition, we tended to select relatively young adults as family screeners since they have better cognitive and comprehension skills to undertake monitoring and medical referral tasks in their home.

To the best of our knowledge, there are no published studies on home-based vision screening programmes for adults. The current study shares the main limitations of cross-sectional studies, in that results can be used to identify associations but not causation, which reduces the ability to generalise findings. Second, it will reflect an underestimated vision testing result if lay people do not put the eye chart in the right circumstance, because without enough bright sunlight, people can hardly see the optotypes which they should see on the LogMAR eye chart. Considering this is the primary vision screening, people who received the home-based vision test could get a referral to the fixed eye clinics for more comprehensive eye examination including a standardised vision test, thus eliminating the negative influences brought by their own testing bias. Finally, a formal cost-effectiveness analysis was not completed, so important questions regarding the cost-effectiveness of the YES self-administered home vision testing programme cannot be answered. Further research on cost-effectiveness outcomes of home-based vision screenings is needed. Interventions specific to those living alone or as couples may be required to increase their usage of this model.

In conclusion, the self-administered home vision test is aeffective method of detecting those with low vision and at risk for VI, and was highly acceptable by residents living in Wenzhou, China.
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